leonardo abstracts service a r t i s t ' s a r t i c l e
Scorescapes is an artistic research project that combines theoretical and conceptual development with a set of related artworks described throughout this paper [1] . Through the project I create hybrid methods that aim to heighten personal awareness through direct engagement with sonic environments, negotiating a role for the artist and composer as a researcher. Working closely with composers David Dunn, Alvin Lucier and Pauline Oliveros, and with bio-acoustic scientist Michel André, I tested and applied theoretical ideas. This process generated unexpected insights, including the need to distinguish between audification, sonification and visualization processes, the paucity of research on underwater sonic environments and the anthropocentric bias toward environmental sound.
What does it mean to relate to the environment through sound? Building on both music theory and visual arts, I propose an expanded notion of the musical score-one that facilitates a relationship in and between minds, notations and environments. Building on my prior projects Taking Sound ings (2006) (2007) and Sun Run Sun (2008) (2009) , which examine navigation techniques through sound, Scorescapes investigates parallels between acoustic ecology and land art, ecology and systems aesthetics, and the legacy of walking as an art form that emphasizes an embodied relationship to one's environment. Such relationships are often profoundly bound up with technology, which raises questions as to how instruments enable as well as inhibit certain forms of knowledge. Scorescapes considers sounds beyond the range of human hearing and in uninhabitable environments and investigates techniques, common assumptions and approaches to making the inaudible audible. Further, my research on the sonic qualities of the underwater environment, where sound is essential to aquatic life, leads to questions of displaced sound in field recordings in general and results in a critique of what I call "sonic colonialism" and my proposal for an embodied engagement with environmental recordings.
My artworks in the Scorescapes series both provoke and synthesize these ideas by exploring various forms of presentation, including audiovisual installations and performances, performative lectures, electronic instruments, sonic walks and collaborations with improvising musicians. Through the artistic process of making Tropical Storm (2009), Pink Noise (2010) (Color Plate A), Fishing for Sound (2010) and other works, I recognized the central importance of considering the context in which sounds occur rather than focusing exclusively on the qualities of a sound itself. From this perspective, the act of composition emphasizes a renewed focus on listening in order to understand sounds in relationship to their environment and to enable other listeners to do the same.
score: relational Qualities of maps and musical scores
A map encodes our relationship to the environment through a set of visual signs that correlate with what we see around us [2] . In parallel, a musical score provides a visual map of sound that can be reproduced in detail. Although usually The author discusses Scorescapes, an artistic research project that investigates how sound mediates our relationship to the environment and how contemporary multidisciplinary art practices can articulate this. Scorescapes joins the author's own artistic practice with a theoretical analysis that highlights how relationships to the environment drawn through sound are profoundly bound up with technology. Key concepts include: making the inaudible audible; underwater sound and cetacean communication; field recordings and the contextual basis of sound; typologies of listening; the score as relationship; and techno-intuition. considered a definitive static document, a score or map more properly indicates and enables fluid relationships between people, objects and environments. Such an approach reflects current theories that emphasize the relational qualities of sound [3] . Unlike the visual, which tends to privilege discrete objects, sound is energy that fills space; it is defined through the relationships it sets up between sound and listener. Rethinking this relationship between visual depiction and sonic interpretation, whether in musical scores or navigational maps, creates a more open field in which to consider multidisciplinary artworks.
My projects Taking Soundings and Sun Run Sun investigate sonic navigations through technologies ranging from celestial navigation to GPS systems ( Fig. 1 ), emphasizing our reliance on technological mediation in defining our sense of place and location. In Taking Soundings I sonify GPS data and create personal graphic maps through performance of prerecorded and live GPS traces. As part of Sun Run Sun I created the Satellite Sounders (Fig. 2 )-handheld live-GPS-sonification instrumentsin order to create a more direct experience for individual participants. As they walk they hear sounds of their environment overlaid with the sonified data from satellites circling in space above them. By creating these instruments, my goal was to emphasize a sense of connectedness between our perceptions, our physical bodies and our environment [4] .
To this end, Scorescapes investigates how sound forms and defines relationships to our environments. Sound is a form of energy manifested through air, water or solid matter, articulating relationships between events, processes, media and those who hear. By concentrating on sound in the environment and learning how to listen, both with and without technology, one learns sonic relationships between events and ecologies. In order to gain such a perspective it is necessary to listen beyond the human hearing range and beyond accessible areas in environments such as underwater. Such listening requires technological mediation through instruments as well as via processes of audification, sonification and visualization, which further demand skilled interpretation. This scenario suggests that the role of the composer must be transformed to focus on listening to the extended environment and critically interrogating the technologies used to do this in order to interpret those environments through sound.
scape: retHinking tHe legacY of art and ecologY
The legacy of art concerned with ecology and the environment provides a useful theoretical and historical context for this work, and I identify key approaches that continue to be influential. For example, much can be learned from the acoustic ecology and land art movements of the 1960s and 1970s, which articulated the complexity of our relationship to spaces outside the gallery and music venue, between here and there, site and non-site [5, 6] . Another theoretical context is systems theory, which offers a foundation for thinking of ecologies as complex systems that achieve homeostasis through interconnected feedback loops. In such a conceptual framework, our presence in an environment is one of an immersed participant rather than an outside observer. As a result, we are made aware of the overwhelming impact of human life on ecological balance [7] . Commenting on the projects of eco-art pioneers Helen and Newton Harrison, critic Jack Burnham has written: "Being drawn into an integral, on-going, natural system gradually alters the artist's attitude towards self and the world" [8] .
The artistic exploration of relationships to the environment has a long history, even a prehistory, and important parallels can be drawn between the visionary work of art historian Lucy Lippard on recontextualizing land art and composer David Dunn on recontextualizing Acoustic Ecology. Lippard states that "the re-establishment of a coherent relationship between nature and culture is a critical element in any progressive view of the future" [9] , while Dunn claims that the "capacity to hear the soundscape as music is simultaneously one of the most archaic ways of listening and the most modern" [10] . Recent exhibitions on eco-aesthetics build on these historical foundations-for example, the form of walking in art, prominent in both acoustic ecology and land art, continues in current sound walks and locative media projects that directly involve the body and mind in motion [11] , offering an experience of direct engagement with the environment.
Combining these ideas about scores and mapping, acoustic ecology, land art and systems theory gives a perspective from which to consider the following research and artworks in the Scorescapes project.
inaudiBle: sounds BeYond Human Hearing
The implications of the study of sound, and especially of making the inaudible audible, demand that we rethink our position within other, larger, non-human ecologies [12] . Bioacoustic research is continuously discovering new hearing and sounding mechanisms in different species and is just beginning to understand their relationship to functioning and sustaining complex ecosystems. Vast swathes of the soundscape lie beyond human perception due to their frequency, amplitude or temporal qualities or their location in uninhabitable or inaccessible environments. Given that gathering, analyzing and disseminating sound beyond our hearing ranges is intimately bound up with technology, to what extent do we question the "ostensible neutrality of these listening technologies" [13] , particularly since listening is both personal and contextual [14] ? Even when a sound is within our hearing range, whether or not we hear it depends largely on our attentiveness and the mental filters we impose on listening. In this sense, sounds can be inaudible because we do not pay attention to them, and we may need to practice listening techniques in order to actually hear them [15] .
Common assumptions and technical approaches to making the inaudible audible are audification, sonification and visualization. I identify and distinguish between two approaches that are often conflated and confused: audification, which requires the scaling of existing vibratory signals into the human hearing range, and sonification, which consists of translating and mapping a choice of sounds onto data. Audification uses the existing signal as its basis, while sonification requires compositional strategies of mapping data (non-vibratory information) onto sounds. Both techniques require an initial creativity to imagine the presence of sounds one cannot hear and the ability to interpret the sonic environments revealed to our hearing range through these processes [16] .
WHale: an investigation of underWater sound
Underwater is perhaps the most pertinent example of a sonic environment that is only perceivable to humans with the aid of technology. However, relatively little is known about the sonic qualities of the underwater environment, where sound is essential to aquatic life. Making this inaudible environment audible, given the limitations of human hearing described above, demands technical, imaginative and interpretative approaches to sound. Transdisciplinary approaches that treat sound as sonic evidence would suggest a shifted role for the composer and sonic ecologist [17] .
A considerable amount of research on underwater sound has involved the study of whales. My analysis joins three seminal works on whale sound: Payne and McVay's "Songs of Humpback Whales" [18] , André and Kamminga's "Rhythmic Dimension in the Echolocation of Click Trains of Sperm Whales" [19] and Alvin Lucier's Quasimodo: The Great Lover [20] . Through a critical comparison of the scientists' use of musical ideas of song and rhythm with the composer's interest in processes of sound transmission over long distances, the necessity of exploring the contextual nature of sound in the environment becomes apparent. Further, Lucier's Qua simodo, inspired by the humpback whale's ability to send sound over vast distances, engages with the discussion of long-distance sound and communication. Other radical research, such as the analysis of dolphin sound by scientist John Lilly [21] , explores interspecies communication through sound and has inspired more recent attempts to "communicate" with whales through music [22] .
All of this research points toward complex issues of noise pollution and the mitigation of anthropogenic sound in the ocean. The vast role of sound in underwater life in general must be recognized as a crucial area of research and development in a move toward a sustainable environmental future, in which collaboration across disciplines can play a central role. To this end I propose the physiological experience of underwater sound in order to understand the sonic contexts of remote environments, exemplified by my artworks, including the installation Pink Noise and the performance Fishing for Sound. Pink Noise challenges preconceptions about underwater sound by juxtaposing an idyllic video of the surface with the overwhelming, yet often strangely beautiful, anthropogenic noise underneath. By involving the audience in an otherwise alien, inaccessible environment, the installation aims to establish a more empathetic relationship to the underwater world through the immersive experience of the artwork (Color Plate A).
field: presentness in displaced sound
Making the inaudible audible, investigating underwater sound and most other areas of listening to the environment rely in some way on the practice of field recording, for reasons ranging from documentation, preservation and analysis of soundscapes to gathering musical material [23] . It is therefore important to reconsider the role of field recording in establishing relationships to place through listening. The deceptively simple process of recording sounds from a chosen environment and replaying them at another time and place is laden with assumptions about context and portability [24] . Any decontextualization of a soundscape from its environment forces us to listen as an outsider, inevitably biasing our understanding. At its worst, this can lead to what I call "sonic colonialism, " based on a pseudo-understanding of a distant location. To avoid such an extreme, we need to consider our relationship to the recorded sounds: the context in which they originate, the place in which we hear them and how our experience is mediated by technology. This also applies to environments that we cannot physically access, such as underwater, the inside of the body or other extremes of physical and temporal scales. Given the displaced nature of sound in a field recording, how can a sense of presentness-an acute awareness of embodied location-be achieved in such displaced soundscapes? In my work, the listener is the spatio-temporal locus of a perceptual event, and I emphasize how techniques of listening can potentially invigorate the use of field recording in sound art. Tropical Storm (2009) (Fig. 3) , S.W.A.M.P. (2009-2011) ( Fig. 4) , You Me Swim Blackbird (2012) and Displaced Sound Walks (2010-2014) approach displaced sound through different means: as a visual arts exhibition, a musical performance, an Internet sound exhibition and a sound walk workshop, respectively. These projects demonstrate a variety of strategies available for exploring these ideas. For example, the video and sound installation Tropical Storm creates the experience of a room full of rain. It is loud, immersive and always present in the here and now. By internalizing the environment of a storm, the installation comments on current practices of field recording and displaced sounds. As a complement to the installation, the Displaced Sound Walks further the process of hyper-aware listening while walking. Through a collaborative, workshop-like creative process, ambient sounds recorded using binaural microphones by participants on their chosen walking routes are later played back on headphones while the participants retrace the same paths. The temporally displaced sound has the effect of "making the participant extremely aware of the functioning of their body when feeling and perceiving reality" [25] . Techno-intuition draws together further diverse strands of thought in my artistic practice that concentrate on sonic consciousness. Therapy for Future Flooding (2010), Swim (2010) ( Fig. 5) and Fishing for Sound join together sound therapy, dream work and PTSD treatment methods. Pink Noise and Tropical Storm combine sound and image to en-hance perceptual awareness of technology and its mediation of the environment. Through the artistic process of making these works I recognized the central importance of considering the context in which sounds occur rather than focusing exclusively on the qualities of a sound itself. From this perspective, I conclude that the act of composition emphasizes a renewed focus on listening in order to understand sounds in relationship to their environment, enabling other listeners to do the same.
conclusions
The Scorescapes artistic research project maps historical approaches and suggests potential trajectories for understanding the role of sound in ongoing transformations of the environment through human intervention. A greater awareness of the interrelation of sound, technology, the environment and sonic consciousness could lead toward more sustainable practices in the arts, sciences and other fields. fig. 5 . Yolande Harris, Swim, composite image of four frames from single channel video and sound, 3-minute loop, 2010 [31] . Recorded from an ocean swimmer's viewpoint, Swim captures the rhythm of breathing and physical motion as the sound and image alternate between above and below water, cutting through the surface, exploring the physicality of sound through a direct involvement with the environment. (© Yolande Harris)
